a novel method of harvesting the blue energy and provides the strategies for enhancing the TENG's output performance, which will largely broaden the TENG's applications.
The nanowire based TENG is fabricated according to the following steps in Fig. 1 . A FEP film was cleaned by ethanol and deionized water in Fig. 1(a) . Then a thin film consisting of Au nanopartical was coated on the polymer film by sputtering, which functioned as a nanoscale mask to fabricate the polymer nanowires. Then the polymer film was etched by the inductively coupled plasma (ICP) for 2 min. O 2 and Ar gases were induced into the action chamber by the ratios of 10 and 50 sccm, respectively. A 500 W source was utilized to create a large amount of plasma while a power (100 W) was applied to speed plasma ions up. More technical details of the etching could be seen in other relative works. 3, 18 The surface structure will largely roughen the surface and thus magnificently increases the contacting area of the polymer and water. 19 So the friction process will be more sufficient between the polymer and water, which will generate more charges in the friction process. [20] [21] [22] The working principle of the nanowire based TENG is demonstrated in Figs. 1(g)-1(k) to briefly demonstrate how the current is created by the TENG. The structure of the device is schemed in Fig. 1(g ). The friction acts at the contact surface of FEP and water. Because the FEP material has a higher triboelectrical negative property, the negative charges from the water will be attracted to the FEP surface. The FEP material retain the negative charges for a period of time, as shown in Fig. 1(h) . When the FEP is submerged into water, the electrode at the FEP side has a higher potential than the water and thus the current will be compelled to flow to the water through external circuit, shown in Step-by-step illustration from the separate state (h) to the contact state (j) clearly shows the principle. When the TENG is submerged into water (i), the current runs from the electrode of FEP side to the electrode/water through the external circuit. When the TENG is emerged out of water (k), the current runs back to the FEP/electrode side.
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APL Mater. 5, 074104 (2017) Fig. 1(i) . As the FEP is pulled out of water, the current will flow from the water to the electrode at the FEP side (Figs. 1(j) and 1(k)). During the repetitive operation, the electrons/currents will flow between the two electrodes causing the different directions of current ( Fig. 2(c) ). The picture of the nanowire based TENG (the transparent FEP film and electrode on the back side of the film) is shown in Fig. 2(a) , and the nanowire structure image taken by the scanning electron microscopy (SEM) is demonstrated in Fig. 2(b) . The output signals of current, voltage, and the transferred charges are displayed in Figs. 2(c)-2(e), respectively.
It is obvious that the nanowire based TENG has a high output performance as the current of 10 µA (Fig. 2(c) ), transferred charges of 200 nC ( Fig. 2(e) ), and voltage of 200 V (Fig. 2(d) ). [23] [24] [25] During the submerging operation, the current and the voltage correspond to a narrow peak with high amplitudes, while during the emerging operation they correspond to a smaller and wider peak. Although the current of the submerging process is larger than the value of the emerging current, the integration areas of the two currents are almost the same. The result corresponds to the transferred charge in Fig. 2(e) . When the nanowire based TENG is submerged into water, the charge reaches about 200 nC while it comes down to 0 nC after the emerging operation. To clearly discover the nanowire based TENG's properties, the voltage and current outputs of the nanowire based TENG are measured when under different resistances ( Fig. 2(f) ). 26 According to the results, the current has little decrease when the resistance is below 10 MΩ and the voltage is very small. Once the resistance is bigger than 10 MΩ, the current decreases rapidly and the output voltage increases sharply. Therefore, the maximum instantaneous power generated by the TENG reaches about 16 µW at a resistance of 20 MΩ, shown in the inset. And the signals of TENGs with and without nanowires are illustrated in Fig. S1 in the supplementary material to demonstrate the enhancement.
Interestingly, the TENG can be used not only as an energy generator but a chemical sensor as well. We demonstrated that the current of the nanowire based TENG decreased from 2.34 µA to 0.4 µA as the ethanol volume percentage in the liquid increased from 2.5% to 50% (Fig. 3(a) ).
The decrease of current is caused by the decreasing total polarity and the conductive changes of the liquid when the water is mixed by ethanol. Previous study has verified that the dielectric constant and polarity of water will decrease when mixed by a less polar liquid, such as ethanol. 12 And the liquid's conductivity is also an important factor to the ability of generating triboelectric charges. Meanwhile, increasing the ethanol concentration in the liquid will enhance the interaction between the FEP film and the liquid, making the hydrophobic film less hydrophobic. Therefore, the separation process of the liquid and the FEP film is impeded, which will largely decrease the transferred charge and the outputs of the nanowire based TENG. To clearly clarify this phenomenon, the transferred charge ( Fig. 3(b) ) and voltage ( Fig. 3(c) ) values of the nanowire based TENG were compared with different ethanol concentrations. These results can conclude that the signals generated by the nanowire based TENG (including current, voltage, and transferred charge) are all sensitive to the concentration of the ethanol in the liquid. Consequently, we can utilize the signal of the TENG to monitor the ethanol concentration in water. In the future, some functionalized nanomaterials or specific molecules can be used to modify the surface of the FEP film, so the TENG chemical sensor can selectively detect the target materials in the liquid. Once the functionalized nanomaterials or molecules catch the targets, the electrical output generated from the TENG will be different. This application will be promising and effective, as it can directly change the output signals upon detecting targets. Of course, the main usage of the TENG is still the generators, which can be applied as an energy source to power other electric devices or sensors in our daily life. [27] [28] [29] [30] Most of the sensor devices usually work with a long sleep and a short active mode. So the energy collected by the nanowire based TENG can be collected in a super capacitor during the long inactive mode and can completely power the sensor during the short active time. 31 As shown in Fig. 4(a) , the nanowire based TENG is used to charge a 3.3 µF capacitor. When the nanowire based TENG is submerged in water, the voltage of the capacity increased by a small step, while the nanowire based TENG is emerged out of water the voltage increased for another small value. After 5 submerging-emerging operations, the voltage of the capacity can reach 1.1 V. The nanowire based TENG can also charge a much larger capacity, as 1 mF in Fig. 4(b) , to 3.6 V for about 500 s. The energy stored in the 1 mF capacity can be used for many applications, like powering the time measuring device, humidity sensor and light-emitting diode array sensors. [32] [33] [34] The time measuring device powered by the nanowire based TENG and the 1 mF capacitor can time for more than 10 min. Fig. 4(d) presents the variation of the humidity and the temperature of Beijing city in winter for a day. The inset picture shows the data measured by the digital sensor.
To demonstrate a self-powered wireless infrared system, an electronic system consisting of the nanowire based TENG, a suitable capacitor, a resistance, a bridge rectifier, the infrared emitter, and receiver is presented in Fig. 5(a) . The infrared LED powered by the TENG and capacitor will generate signals, shown in Fig. 5(c) .
When the receiver detects the infrared light, it will generate current signals, corresponding to the peaks in red of Fig. 5(b) . Once the power is off and there is no signal generated by the infrared LED, so the current of the receiver is almost 0 nA. The infrared imagery in Fig. 5(d) was taken by the infrared camera, showing that the LED can be clearly distinguished from other object. The inset is the optical image of the LED. The self-powered wireless infrared system can be used in various fields, such as communication, detecting, or medical care. As we all know, the wavelength of infrared light is larger than the wavelength of visible light, so the infrared signals can travel around some bigger objects than the visible light. In some emergent situation, such as in heavy fog or haze, the infrared signal would play a vital role in communication or detection.
In summary, a nanowire based TENG is fabricated to harvest a large amount of energy from water. It can transmit the mechanical energy of waves or rain drops to electric energy. Made of low 
